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Abstract (1) : 

PURPOSE: To improve purification performance of NOx in the lean atmosphere by 
allowing a monolithic carrier to be spread with slurry in which zeolite, silica sol, 
alumina sol and water are blended and calcining it and thereafter immersing it in a 
metallic salt aq. soln. 

Abstract (2) : 

CONSTITUTION: Slurry is prepared by mixing zeolite, silica sol, alumina sol and 
water. A monolithic carrier is spread with this slurry and thereafter calcined to 
form a catalyst carrier. Then a catalyst for purifying exhaust gas is produced by 
immersing this catalyst carrier in a metallic salt aq. soln. of metal utilized as 
the catalyst and allowing zeolite to be carried with the metal utilized as the 
catalyst by ion exchange. A mixing ratio of silica sol and alumina sol is preferably 
regulated to such mixing ratio that Si/Al thereof is not made far from Si/Al of 
zeolite . 
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Claims 

1 . A manufacturing method for an exhaust gas purifying catalyst characterized by 
consisting of the processes below: 

(a) a process of mixing zeolite, silica sol, alumina sol, and water and preparing a slurry; 

(b) a process of adhering the aforementioned slurry onto an integrated type catalyst 
support and firing it; 

and (c) a process of ion-exchanging the zeolite by a catalytic metal through a soak in a 
metallic salt aqueous solution of the catalytic metal. 
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2. The method described in Claim 1 characterized by the mixing ratio between the silica 
sol and the alumina sol being such that the Si/Al ratio of them is not very different from the Si/Al 
ratio of the zeolite. 

3. The method described in Claim 1 characterized by process (c) being a process that is 
performed after processes (a) and (b). 

Detailed explanation of the invention 
Industrial application field 

This invention concerns a manufacturing method for an exhaust gas purifying catalyst for 
vehicles, in particular a catalyst, which can remove NOx at a high ratio even in an excess oxygen 
atmosphere where the air fuel ratio is on the lean side. 

Prior art 

As exhaust gas purifying catalysts for cars, catalysts that simultaneously attain an 
oxidation of carbon monoxide (CO) and hydrocarbons (HC) and a reduction of nitrogen oxides 
(NOx) have been widely used. With most of such catalysts, a rare metal, such as Pd, Pt, or Rh, 
for example, and a rare earth metal, such as Ce or La, for example, as a cocatalyst and a base 
metallic oxide, such as Ni, for example, in some cases are added in an alumina coated layer over 
a fire resisting catalyst support, as seen in Japanese Kokoku Patent No. Sho 58[1983]-20307, for 
example. 

The purification character of such a catalyst is greatly affected by the set air fuel ratio of 
the engine. The amount of oxygen (O2) is in excess after combustion in a thin air mixutre, which 
is on the lean side with a large air fuel ratio, which activates oxidation action and inactivates 
reduction action. Reversibly, oxidation action becomes inactive and reduction action becomes 
active on the rich side where the air fuel ratio is small. A catalyst can most effectively function 
near the theoretical air fuel ratio (A/F=14.6) where there is a balance between oxidation and 
reduction. 

Accordingly, with an automobile in which an exhaust gas purifying device that uses a 
catalyst is attached, the oxygen concentration of the exhaust system is detected, and a feedback 
control is used so that the air mixture is maintained near the theoretical air fuel ratio. 

Problem to be solved by the invention 

On the other hand, the attainment of low fuel consumption has also been requested. For 
the attainment of it, it has been known that an excess oxygen air mixture should be combusted as 
much as possible generally during traveling. However, there is an issue, wherein when the 
attained air fuel ratio is an excess oxygen atmosphere on the lean side, HC and CO harmful 
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components in the exhaust gas can be removed though an oxidation, but NOx cannot be removed 
through reduction because contact with an active metal is prevented by O2, which has been 
adsorbed into the catalyst bed. As a result, thinning of the air mixture is not conventionally 
possible in automobiles that attain a high degree of purification of the exhaust gas by a catalyst. 

The objective of this invention, which is made for solving the aforementioned problem, is 
to offer a manufacturing method for an exhaust gas purifying catalyst, which can remove NOx 
through reduction even at the lean side and can sufficiently eliminate all harmful components in 
a large region at the lean side from the theoretical air fuel ratio. 

Means for solving the problem 

The manufacturing method for an exhaust gas purifying catalyst in this invention has the 
characteristic of consisting of the processes below: 

(a) a process of mixing zeolite, silica sol, alumina sol, and water and preparing a slurry; 

(b) a process of adhering the aforementioned slurry to an integrated type carrier and firing it; 
and (c) a process of ion-exchanging the zeolite by a catalytic metal through soaking in a metallic 
salt aqueous solution of the catalytic metal. 

In the process of preparing the slurry in process (a), it is ideal to mix at a proportion of 
30-100 parts of a mixture of silica sol and alumina sol and 30-100 parts for water for 100 parts of 
zeolite. Furthermore, the obtainment of a slurry at a pH of 3-6 by adding a pH adjusting agent is 
desirable. 

It is important for the mixing ratio between silica sol and alumina sol to be such that the 
Si/Al ratio of them is not very different from the Si/Al ratio of the zeolite. It is ideal to mix the 
silica sol with the alumina sol so that the Si/Al ratio of the mixture is 1/3-3 times the Si/Al ratio 
of the zeolite. 

As the zeolite, zeolite having small holes at a diameter of 5-10A, which is slightly larger 
than the diameter of the NOx molecule, is proper. 

In process (b), monolithic and honeycomb type catalyst supports made of ceramic that are 
widely used are sufficient as the aforementioned integrated type catalyst support. For adhering 
the aforementioned slurry onto said catalyst support, the slurry may be spray-coated on the 
support, or the support may be immersed into the slurry. Firing is properly obtained at a 
temperature below 800°C after blowing away excess attached slurry by compressed air or after 
vacuum suction. 

As catalytic metals for the ion exchange in process (c), transition metals, such as Cu, Cr, 
Co, Ni, Fe, and Mn, for example, and rare metals, such as Pt, Pd, Rh, Ce, Ir, and Ru, for 
example, can be listed. The ion exchange can be attained by soaking the zeolite into an aqueous 
solution of a water-soluble salt of an aforementioned metal. A proper concentration of the 
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solution is 0.001-0.1 mol/L. For a copper acetate aqueous solution, for example, 0.02-0.06 mol/L 
is particularly ideal (refer to Figure 2). A sufficient temperature of the solution is 30±10°C. The 
ion exchange time is 5-140 hours, ideally 40-100 hours (refer to Figure 1). 

In the manufacturing method in this invention, the target catalyst can be obtained in the 
order of processes (a)? (b)? (c) or in the order of processes (c)? (a)? (b), however, the former 
order is ideal when considering the ion exchange effect because the metal that is ion-exchanged 
enters gradually from a site where exchange occurs easily to a more difficult site, as indicated by 
the structural model figure in Figure 3 in the order of A? B? C. While also considering a case, 
in which sites become valid? invalid for the purification of NOx in the reverse order of 

C? B? A, the probability for ion exchange metals 5, 5 to enter a site higher in activity for 

NOx becomes higher when only ion exchanging the zeolite particles 1 , 1 that appear on the 

surface except for the zeolite particles 2, 2 that are buried in the binder (3) over the catalyst 

support (4), as indicated in Figure 4, than when the entire zeolite is ion-exchanged at first, and 
the catalytic activity improves. 

Operation of the invention 

The catalyst that is obtained by the manufacturing method in this invention has its surface 
covered by zeolite, which is ion-exchanged by a catalytic metal. Zeolite has small holes in the 
order of several A, which is equal to the size of the NOx molecule. As a result, NOx is 
selectively taken into said small holes. Sites in which the aforementioned metal is ion-exchanged 
and have become active are present in small holes. Therefore, NOx, which has absorbed there, is 
reduced by the catalytic metal. 

Application examples 

This invention will be explained in more detail in the application examples below. 

A pplication Example 1 

a) Preparation of the slurry 

To 60 parts of a mixture of silica sol and alumina sol as a binder, which is mixed together 
at a Si/Al ratio of 40, 100 parts of a zeolite (Si/Al ratio of 40; maximal small hole diameter of 
5.9 A) powder and 60 parts of water are added, sufficiently stirred, the pH is adjusted to 3-6 with 
an aluminum nitrate solution, and a wash-coating slurry is prepared. 

b) Coating and firing 

A cordierite monolithic form honey-comb catalyst support is soaked in water, soaked in 
the slurry obtained in a) above after blowing away excess water, removed followed by excess 
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slurry being blown away with compressed air, dried at 80°C for 20 minutes, and furthermore 
fired in an electric furnace at 600°C for 1 hour. 



c) Ion-exchange 

The obtained fired product is ion-exchanged using a copper acetate 
[Cu(CH 3 COO)2'H20] aqueous solution (concentration of 0.04 mol/L) in a penetration culturing 
machine for 70 hours at room temperature. After blowing away excess water, it is dried at 80°C 
for 20 minutes, and exhaust gas purifying catalyst A is manufactured. 

Application Examples 2 and 3 

Catalysts B and C are manufactured in the same manner as Application Example 1 except 
for using mordenite (Si/Al ratio of 1 9.0) and aujasite (zeolite Y; Si/Al ratio of 26) instead of the 
zeolite used in Application Example 1, and wash-coating slurries prepared as binder matching 
the respective Si/Al ratios, onto the catalyst support. 



Application Examples 4-8 

Catalysts D, E, F, G, and H that are ion exchanged respectively by Co, Ni, Fe, Cr, and 
Mn are manufactured in the same manner as Application Example 1 except for using various 
types of metallic salt aqueous solutions instead of the copper acetate aqueous solution used in 
Application Example 1 . The following metallic salts were used in the manufacture of the 
catalysts. 



5**6*1 tttt & m » 

^ 4 ^®mm^^> co(ch,coov 4H t o 
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Key; 1 Application example 

2 Catalyst 

3 Metallic salt 

4 Cobalt acetate 

5 Nickel acetate 

6 Ferric chloride 

7 Chromium nitrate 

8 Manganese acetate 
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Comparison example 

In accordance with a universal method, ?-alumina is wash-coated over a catalyst support, 
and catalyst I supporting 1 .5g/0.3 g of Pt/Rh per 1 1 of the catalyst support after firing is 
manufactured. 

Testing example 1 

Catalysts A-I obtained in the aforementioned application examples and- comparison 
example are attached to the exhausting system of a 3.0 L engine, and the removal rate for NOx 
under conditions including an air fuel ratio (A/F) of 20 and a gas entering temperature of 600°C 
are measured. Table 1 shows the results. 



Table 1 
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Catalysts 


Base material (Si/Al 


Catalytic metal 


Purification ratio 


No. 




ratio) 




ofNOx 


Application No. 1 


A 


Zeolite (40) 


Cu 


48% 


Application No. 2 


B 


Moldelite(19) 


tt 


55 


Application No. 3 


C 


Forjasite (26) 


it 


20 


Application No. 4 


D 


Zeolite (40) 


Co 


30 


Application No. 5 


E 


" (") 


Ni 


35 


Application No. 6 


F 


" (") 


Ni 


23 


Application No. 7 


G 


"(") 


Cr 


25 


Application No. 8 


H 


"(") 


Mn 


20 


Comparison Example 


I 


r-alumina 


Pt/Rh 
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A pplication Example 9 and Comparison Example 2 

To observe the effect of the mixing ratio between the alumina sol and silica sol in the 
binder on the catalytic activity, 6 types of binders with Si/Al ratios of 0, 50, 100, 200, 400, and 
1000 are prepared. Various types of catalysts are manufactured in the same manner as 
Application Example 1 except for using the aforementioned 6 types of binders instead of the 
binder used in Application Example 1 and using a rare metal salt instead of the Cu salt. The HC, 
CO, and NOx removal rates with an A/F=l 8.0 are checked. Table 2 shows the results. It can be 
understood that catalysts having a Si/Al ratio of the binder close to the Si/Al ratio of 40 of the 
zeolite display an excellent purification performance. 
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Table 2. Removal Rate (%) 



Si/Al ratio 


HC 


CO 


NO x 


0 


80 


82 


30 


50 


81 


85 


60 


100 


82 


85 


71 


200 


76 


81 


33 


400 


70 


75 


15 


1000 


57 


68 


1 



Effect of the invention 

The exhaust gas purifying catalyst, which is obtained by the method in this invention, has 
a zeolite, which is ion-exchanged by a metal having catalytic performance and which also has 
small holes that are suitable for taking in NOx molecules, adhered over a catalyst support, and 
therefore, it can become a catalyst that allows NOx to selectively adsorb and react at active sites 
in small holes even in a lean atmosphere and thus purifies. 

Accordingly, the risk of exhausting NOx into the atmosphere during driving in a lean 
atmosphere is eliminated by using the exhaust gas purifying catalyst in this invention. Therefore, 
the set air fuel ratio of the engine can be increased, and the attainment of low fuel consumption 
for a vehicle can be obtained. The generation of HC and CO is also reduced by thinning the air 
mixture. 

The catalytic performance also improves by allowing the Si/Al ratio of the binder to 
approach that of the zeolite, and a catalyst that is rich in separation resistance is obtained by 
relieving the difference in the volume expansion ratio between the binder and zeolite. 

Brief description of the figures 

Figure 1 is a graph showing the relationship between the ion exchange time and the ion 
exchange rate per the Si/Al ratio of zeolite (mordenite). 

Figure 2 is a graph showing the relationship between the concentration of a copper 
acetate aqueous solution, pH, and the ion exchange rate. 

Figure 3 is a model diagram showing a partial structure of an example of zeolite. 

Figure 4 is an explanatory diagram of the ion-exchanged state of zeolite. 
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Keys: 1 Ion exchange rate 

2 Concentration of copper acetate aqueous solution (mol/L) 
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Figure 4 

Keys: 1 , 2 Zeolite particles 

3 Binder 

4 Catalyst support 

5 Ion exchange metal 



